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ABSTRACT
We present an XMM-Newton observation of the highly polarized low-surface bright-
ness supernova remnant G107.5–1.5, discovered with the Canadian Galactic Plane
Survey (CGPS). We do not detect diffuse X-ray emission from the SNR and set an
upper limit on the surface brightness of ∼ 2× 1030 erg arcmin−2 s−1, at an assumed
distance of 1.1 kpc. We found eight bright point sources in the field, including the
ROSAT source 1RXS J225203.8+574249 near the centre of the radio shell. Spectro-
scopic analysis of some of the embedded point sources, including the ROSAT source,
has been performed, and all eight sources are most likely ruled out as the associated
neutron star, primarily due to counterpart bright stars in optical and infrared bands.
Timing analysis of the bright point sources yielded no significant evidence for pulsa-
tions, but, due to the timing resolution, only a small part of the frequency space could
be searched. An additional ten fainter point sources were identified in the vicinity of
the SNR. Further X-ray observation of these and the region in the vicinity of the radio
shell may be warranted.
Key words: ISM: supernova remnant. ISM: individual object: G107.5–1.5. stars:
neutron. X-rays: ISM. polarization: supernova remnants
1 INTRODUCTION
Low-surface brightness supernova remnants (SNRs) are im-
portant in shaping our current understanding of pulsar and
supernova evolution, since the population of SNRs in our
Galaxy is likely to be dominated by faint objects. In fact,
around 85% of Galactic SNRs are expected to be of core-
collapse origin (Tsujimoto et al. 1995). These are explosions
of massive stars, most of which create stellar wind bubbles
around them, and thus form low-surface brightness SNRs.
Massive star explosions should also lead to the formation of
a compact object that could be revealed in the radio and/or
X-rays. High-resolution Chandra and XMM-Newton obser-
vations have been particularly crucial in shedding light on
the collapsed cores of the explosions and their relativistic
outflows (see Kargaltsev & Pavlov 2008; Vink 2012).
In particular, high-resolution and sensitive X-ray ob-
servations have contributed to the discovery of a diversity
of neutron stars in SNRs. This diversity includes rotation-
powered pulsars such as the Crab and Vela pulsars, magnet-
? E-mail:mirandaj@kth.se
ically powered pulsars (dubbed as ‘magnetars’ and includ-
ing the Anomalous X-ray Pulsars and Soft Gamma-ray Re-
peaters), and other X-ray emitting neutron stars whose na-
ture is still being debated (see e.g. Mereghetti 2012). These
include the Central Compact Objects (CCOs) in SNRs and
are typified by the CasA compact object (e.g. Gotthelf &
Halpern 2008). Finding new compact objects in SNRs will
therefore help in shedding light on this diversity and on the
connection between the compact objects and the progenitor
stars forming their hosting SNR.
The Canadian Galactic Plane Survey (CGPS) (Taylor
et al. 2003) is a high-resolution radio survey that incorpo-
rates single-antenna data to retain sensitivity to the largest
structures (such as faint filamentary non-thermal radio emis-
sion from SNRs). In 2001, the shell-type supernova remnant
(SNR), G107.5–1.5, was discovered in CGPS data (Kothes
2003). Including the one described in this paper, eight SNR
candidates have so far been discovered in the CGPS (Kothes
et al. 2001, 2005; Tian, Leahy, & Foster 2007; Foster et al.
2013). In 2008, we started a program to search for these
SNRs and their associated compact objects in Chandra and
c© 0000 RAS
ar
X
iv
:1
40
7.
77
05
v1
  [
as
tro
-p
h.H
E]
  2
9 J
ul 
20
14
2 M. S. Jackson, S. Safi-Harb, & R. Kothes
XMM-Newton data (see e.g. Jackson, Safi-Harb, Kothes, &
Foster 2008).
The SNR G107.5–1.5 is located in a complex region of
the Galactic plane ∼4 degrees west of Cas A (Kothes 2003).
At 1420 MHz, the source appears as a thin filament on top
of diffuse shell-like emission (see contours in Figure 1). Com-
bining the 408 MHz and the 1420 MHz emission, the spectral
index was determined to be α ∼ 0.6 (Sν ∝ ν−α) – typical of
shell-type SNRs. Its identification as an SNR is based mainly
on its high polarized emission coincident with the filament
and spectral index. Its polarized intensity is 50% at 1420
MHz, and its peak fractional polarization of 71% is close
to the theoretical maximum (for α=0.6). This was therefore
identified as the most highly polarized SNR known. The
distance to this SNR from various distance determination
methods (as described in Kothes 2003) is 1.1± 0.4 kpc. The
morphology of the SNR and the structure of the ambient
neutral hydrogen in the radio data suggests that this SNR
is ∼3–6 kyr-old, and believed to be in a late stage of evo-
lution, given that it is expanding in a high ambient density
medium or originates from a supernova with low explosion
energy (Kothes 2003).
At the projected centre of the SNR shell, there is
a ROSAT unidentified source, 1RXS J225203.8+574249,
whose location is quite compelling: not only is it close to
the projected centre of the SNR, but if it is a neutron star
and the explosion happened at its current position, then it
would explain the peculiar appearance of the SNR as a shell
fragment. In all directions, the wind of the progenitor and
the shock wave of the explosion would have been blocked by
dense neutral hydrogen except for the gap in the direction of
the radio shell. This, together with the SNR’s evolutionary
state and location in a complex region of the Galaxy, leads
us to believe that the supernova explosion was of core-
collapse type, and the ROSAT source, located close to
source 1 in Figure 2, is possibly the collapsed core.
The small number of counts in the ROSAT data did
not allow, however, for spectroscopy or detailed imaging of
the overall region or point sources to be done, so an XMM-
Newton observation, described in §2, has been carried out,
primarily in order to make an X-ray detection of the SNR,
and to study the ROSAT source.
Because the integration time was unfortunately signifi-
cantly reduced by proton flaring (see §2), distinguishing dif-
fuse X-ray emission from the SNR on the images was not
possible, but we estimate the strength of its X-ray emission
through spectral analysis. In this work, the main focus is
to examine the discrete sources in the field. We were able
to resolve a few dozen sources, 18 of which have more
than 25 counts according to the source detection,
and extract spectra for eight of them, including two very
close to the location of the ROSAT source, which we pre-
liminarily consider to be the likely neutron star associated
with G107.5–1.5.
2 OBSERVATION
The SNR G107.5–1.5 was observed with XMM-Newton in
full window mode on 2007 January 23 for 34.8 ks (Obs ID:
0400600101) The pn (Stru¨der et al. 2001) and MOS (Turner
Figure 1. False colour XMM-Newton mosaic image of SNR
G107.5–1.5. Sources have been excised and the image has been
smoothed with a threshold of 50 counts. The orange component
corresponds to 0.5–2.5 keV and the cyan component corresponds
to 2.5–10 keV. The energy bands were chosen so that each of the
component images has an approximately equal number of counts.
The images have had particle and soft proton backgrounds sub-
tracted and are exposure-corrected. The radio contours are over-
laid in red. The extraction region used for the spectral analysis
in §4.1 is shown in yellow. Coordinates are J2000.
et al. 2001) data were reduced with Scientific Analysis
System (SAS)1 version 13.5.1.
Images and spectra were extracted using the XMM-
Newton Extended Source Analysis Software (ESAS)
package (Snowden et al. 2004), which calls various SAS rou-
tines to filter out proton flaring, identify and remove point
sources (for the diffuse analysis), and estimate backgrounds
for the diffuse spectra by using the non-illuminated corners
of the detectors. Because of the high amount of proton flar-
ing, the integration time was reduced to 11.7 ks for pn,
15.7 ks for MOS1, and 15 ks for MOS2.
3 IMAGING
Figures 1 and 2 show the XMM-Newton X-ray mosaic im-
ages in the 0.5–10 keV range, with CGPS contours over-
laid. These are combined, exposure-corrected images from
pn, MOS1, and MOS2 data from which particle and soft
proton backgrounds have been subtracted. Many discrete
point-like sources and a few extended sources, most of which
lie within the radio shell, can be seen on Figure 2.
Two methods were used to remove the contribution of
the detected point sources (see §3.1 for a description of the
source detection) to facilitate a close examination of the dif-
fuse X-ray emission. For the first, the reconstructed image of
the detected sources produced by the source detection pro-
gram was subtracted from the original image. The second
1 http://xmm.esa.int/sas/
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Figure 2. False colour XMM-Newton mosaic image of SNR G107.5–1.5. Energy bands, background subtraction, and exposure-correction
are the same as in Figure 1. The image has been smoothed with a threshold of 20 counts. Detected point sources are circled, and those
from which spectra could be extracted are numbered 1–8 and identified with black circles.
method is to exclude regions at the locations of the detected
sources, which is done using the ESAS routine cheese.
Images generated using the above-mentioned methods
show no discernible diffuse X-ray emission (see Figure 1).
This is possibly because the exposure time was significantly
shortened (by more than 50%) due to the proton flares dur-
ing the observation. The objective of this paper is therefore
to address the nature of the point sources, with specific focus
on source 1, which is very near the location of the ROSAT
source. However, an attempt has been made to identify ar-
eas of SNR X-ray emission through spectral analysis. This
effort is described in § 4.1.
3.1 Source Detection
To identify the X-ray sources in the XMM-Newton obser-
vations (both point sources and extended sources) in the
SNR G107.5−1.5 field, ewavelet, a wavelet detection algo-
rithm which is part of the SAS package, was used. For each
source, the output of the routine gives the position on the
image, source counts, and source extent (FWHM), as well
as errors in those quantities. The program also produces
a reconstructed image of the detected sources, which can
be subtracted from the original image to reveal any diffuse
emission, as described in the previous section. Point sources
are identified by choosing sources at all wavelet scales with a
significance of greater than 3σ and a less than 5 pixel extent
(FWHM), which corresponds to about 17 arcseconds, on the
combined 0.5–2.5 keV and 2.5–10 keV images. This conser-
vative requirement is based on the fact that off-axis sources
have a larger PSF than those toward the centre of the im-
ages. This effect is more pronounced at higher energies, and
the 5 pixel extent limit corresponds to the approximate PSF
of a source at the highest energy at the edge of the field
c© 0000 RAS, MNRAS 000, 000–000
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of view. The 18 sources with more than 25 counts from the
source detection are shown in Figure 2 as magenta or black
circles. Only source 3 was significantly detected on both the
soft and hard images. The other sources were detected only
in the soft-band image, with no detection or a detection of
fewer than 25 counts on the hard image. Source detection
performed on the individual pn, MOS1, and MOS2 images in
those energy ranges yielded similar source lists. The 2XMMi
catalogue (Watson et al. 2009) contains the 18 sources de-
scribed above, as well as 43 fainter point sources within the
region covered by the observation.
Eight of the eighteen point sources indicated on Fig-
ure 2 are sufficiently bright to have spectra of more than
100 counts extracted, and these are indicated as the num-
bered sources in Figure 2. Table 1 lists these sources with
their coordinates and positional errors. Source 1, which
is near the centre of the radio shell, has coordinates α(J2000)
= 22h 52m 00s.629, δ (J2000) = 57◦ 42′ 59′′.00, with a po-
sitional error of 0′′.5, and is coincident with the unidentified
ROSAT source 1RXS J225203.8+574249 and is furthermore
identified as 2XMMi J225200.3+574259 (see Table 1).
Figure 2 shows a false-colour image of the sources. Or-
ange corresponds to 0.5–2.5 keV and cyan corresponds to
2.5–10 keV. This image provides a rough indication
of the spectral hardness of the sources. Table 1 in-
cludes a column giving the total counts in the spectrum for
each source. Sources 1, 2, 4, and 6 appear softer than the
others on the image. Sources 3 and 4, though very close to
each other, were detected as two distinct point sources, and
they clearly have different hardnesses.
The Vizier tool (Ochsenbein et al. 2000) was used to
search for optical and infrared counterparts to the X-ray
sources. The optical/X-ray flux ratio has been calculated
for each counterpart candidate, which is meaningful and ac-
curate only if the counterpart candidate is the true counter-
part, and is the only (or at least the brightest) X-ray source
within the extraction circle. As can be seen from Table 2,
sources 3, 7, and 8 have no close optical counterpart candi-
date.
The blue magnitude is converted into optical flux with
the relation F1 = F2 · 10(m2−m1)/2.5 and compared with the
X-ray flux (obtained from the spectral fitting, described be-
low), and this ratio is one factor that can be checked to
favour identification as a neutron star. In the above equa-
tion, m1 and m2 are the blue magnitudes of the object and
a standard star, respectively, and F1 and F2 are their fluxes.
Typical neutron stars have a flux ratio in optical to X-ray
bands of ∼ 1 − 10 (Lyne & Graham-Smith 1998), whereas
stars have a minimum flux ratio of 103 (Testa 2010). X-ray
emitting O- or B-type stars such as η Carinae (Corcoran
et al. 2000) or τ Scorpii (Mewe et al. 2003) have a ratio of
∼ 107 (this calculation is confirmed in Naze´ et al. 2011, by
means of the use of bolometric optical fluxes).
4 SPECTROSCOPY
4.1 Diffuse emission
To estimate the diffuse flux from the SNR, spectra were
extracted from a single circular region with a radius of 10
arcminutes centered at RA = 22h51m30.4s, δ = 57◦37′46′′
in pn and MOS data. Regions surrounding detected
sources were excluded from the extraction. In addi-
tion, a ROSAT All-Sky Survey (RASS) spectrum from
a 1–2 degree annulus was retrieved from the HEASARC X-
ray background tool v2.52, and all four spectra were used
for the fits.
Following the ESAS cookbook3, a model comprising in-
strumental Gaussian lines, three thermal components cor-
responding to the local hot bubble and hotter and cooler
galactic halo, and a power law representing the background
of unresolved X-ray sources, was preliminarily constructed
using XSPEC4 version 12.8. The non-instrumental back-
ground components were considered to have fixed parame-
ters across the entire region, and an additional broken power
law component that was not folded through the instrumen-
tal response was used to fit the soft proton background. This
final component was given a break energy of 3.0 keV, and
the photon indices for the two MOS instruments were tied
together. In the pn spectra, the soft proton background was
found to be negligible and was removed from the fit. The
thermal components were modelled with the Astrophysical
Plasma Emission Code (APEC) model (Smith et al. 2001),
modified (if necessary) by Wisconsin absorption (wabs in
XSPEC; Morrison & McCammon 1983).
In the model described above, the thermal component
corresponding to emission from the local hot bubble is un-
absorbed and has a temperature of kT ∼ 0.1. Both compo-
nents representing the halo emission are absorbed with an
NH value in the direction of the SNR found from both the
HEASARC Column Density tool 5 and the Colden tool on
the Chandra website6 to be ∼ 6× 1021 cm−2 from Galactic
maps (Kalberia et al. 2005; Dickey & Lockman 1990; Stark
et al. 1992).
Because the line of sight is so close to the galactic plane,
the component representing the hotter galactic halo emis-
sion includes thermal contribution from the galactic disk.
This means that the absorption coefficient for the compo-
nent varies over the emitting region, and it must be consid-
ered that the average absorption coefficient (that which will
produce the best fit for the model) may not be as great as
the value listed above because some of the emission arises
from regions interior to the galaxy.
Unfortunately, the temperatures of the Galactic (halo
and disk) emission and the SNR emission are expected to
be similar (∼ 0.25 − 0.7 keV for the Galactic emission and
∼ 0.5 keV for the SNR emission). In addition, the hydrogen
column density, NH, in the direction of the SNR, has been
determined to be in a range of 0.1 to 0.6 ×1022 cm−2. The
lower limit on NH was determined from radio data which
included only neutral atomic hydrogen (Kothes 2003), and
the upper value was determined from measurements of the
absorption along the full line of sight through the galaxy
as above. The upper value is also consistent, within error,
with the radio determination. Because the temperatures and
2 http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/xraybg/
xraybg.pl
3 ftp://xmm.esac.esa.int/pub/xmm-esas/xmm-esas.pdf
4 http://heasarc.gsfc.nasa.gov/xanadu/xspec/
5 http://heasarc.gsfc.nasa.gov/cgi-bin/Tools/w3nh/w3nh.
pl
6 http://cxc.harvard.edu/toolkit/colden.jsp
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Table 1. Catalogue of X-ray sources detected inside SNR G107.5–1.5, with corresponding 2XMMi name
(Watson et al. 2009). The positional error is 1σ and corresponds to that found in the 2XMMi catalogue. The
coordinates quoted for this paper give the locations of the centroids of the extraction circles for the point
sources.
# IAU Name This paper 2XMMi catalogue Pos. Err. Spectral counts Hardness ratioa
2XMMi αJ2000.0 δJ2000.0 αJ2000.0 δJ2000.0 (arcsec)
1 J225200.3+574259 22 52 00.63 57 42 59.0 22 52 00.41 57 42 59.0 0.5 667 -1
2 J225236.3+574422 22 52 36.58 57 44 21.7 22 52 36.31 57 44 22.2 0.6 714 -0.71
3 J225036.9+573154 22 50 37.05 57 31 53.3 22 50 36.94 57 31 54.5 0.6 256 -0.28
4 J225037.9+573127 22 50 38.01 57 31 27.4 22 50 37.97 57 31 27.1 0.6 456 -1
5 J225212.1+573744 22 52 12.25 57 37 43.8 22 52 12.19 57 37 44.8 0.6 398 -0.21
6 J225127.4+574136 22 51 27.54 57 41 36.5 22 51 27.43 57 41 36.2 0.8 192 -1
7 J225118.7+572848 22 51 19.02 57 28 51.4 22 51 18.79 57 28 48.4 0.9 103 -0.09
8 J225200.9+573230 22 52 00.87 57 32 30.7 22 52 00.96 57 32 30.8 0.9 106 -0.32
a The hardness ratio is calculated from the counts derived from the source detection on the soft and hard
images and is calculated as (H-S)/(S+H).
Table 2. List of optical (O) and infrared (I) counterpart candidates for each numbered X-ray source. Only those counterpart candidates
within the X-ray error circle are listed. All counterpart candidate designations are from the USNO-B1.0 catalogue (Monet et al. 2003)
or from the 2MASS catalogue (Skrutskie et al. 2006). The B (the B1 magnitude is listed in this table) and J magnitudes
correspond to those found in the USNO-B1.0 and 2MASS catalogues, respectively.
Source # Counterpart # USNO-B1.0/2MASS name Offset (arcsec) B/J magnitude
Optical
X− ray flux ratio
a
1 O1 1477-0514019 3.6 9.4 4
I1 22520056+5743004 1.5 6.1
2 O1 1477-0514478 2.9 15.5 2
O2 1477-0514481 2.1 14.9 2
I1 22523638+5744221 1.6 12.1
4 O1 1475-0504764 0.63 11.8 3
I1 22503796+5731271 0.4 9.9
5 O1 1476-0513879 0.68 18.0 2
I1 22521215+5737435 0.8 12.9
6 O1 1476-0513126 0.74 15.7 4
I1 22512749+5741359 0.7 12.1
8 I1 22520093+5732294 1.4 17.1
a The (logarithmic) optical to X-ray flux ratio is calculated assuming that only the single optical counter-
part contributes to the X-ray flux. The visible flux was calculated by using the fact that the B1
magntude of Sirius is -0.09 (Monet et al. 2003) and the visible flux is 1.1 × 10−4 erg cm−2 s−1
(Liebert et al. 2005; Perryman 1997; Ochsenbein et al. 2000). An uncertainty of ∼ 1 on these values
can be assumed.
absorption coefficients of the two components are poten-
tially indistinguishable, because the SNR emission is not
discernible on the images, and because the spectral fitting
did not allow for two separate components, the Galactic
emission and the SNR emission have been combined into
a single model component with a hydrogen column density
up to 6 × 1021 cm−2 , and the maximum flux of this com-
ponent can be considered to be the upper limit on the SNR
emission.
The final model therefore includes instrumental lines,
broken power law components representing the soft proton
contamination in the MOS1 and MOS2 spectra, a power law
representing the cosmic X-ray background and unresolved
X-ray point sources, an unabsorbed thermal component, and
two absorbed thermal components (“cool” and “warm”)
corresponding to emission from the Galactic halo and disk
and from the SNR. The higher temperature (warm) thermal
component is likely to include all emission from the SNR.
The model was fit from 0.1 to 2.0 keV for ROSAT , from
0.4 to 10 keV for MOS1 and MOS2, and from 0.5 to 10 keV
for pn to the model described above. The coefficients describ-
ing the hydrogen column density were fixed at 6×1021 cm−2
c© 0000 RAS, MNRAS 000, 000–000
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Table 3. Fit parameters pertaining to the cool and warm thermal
components in the model described in §4.1 to which spectra ex-
tracted from the yellow circle in Figure 1 have been fitted. Errors
are 2σ uncertainties.
Component kT (keV) 0.5–5.0 keV Flux
(10−12erg cm−2s−1)
Absorbed Unabsorbed
Cool 0.15+0.02−0.01 (0.4± 0.2) (18± 7)
Warm 0.58+0.04−0.07 (0.6± 0.1) (3.5± 0.6)
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Figure 3. Fit of spectra extracted from the yellow circle in Fig-
ure 1 to the model described in §4.1. Black, red, green, and blue
correspond to pn, MOS1, MOS2, and RASS spectra, respectively.
The lower panel shows the deviation of the data from the model
in terms of χ.
to better constrain the fits. The fit was of reasonable qual-
ity, with χ2ν = 1.05. The relevant parameters from the
fit for the cool and warm thermal components are
given in Table 3. Given the size of the extraction re-
gion and the unabsorbed flux of the warm thermal
component, this indicates an unabsorbed surface bright-
ness upper limit for the SNR of ∼ 2×1030 erg arcmin−2 s−1.
4.2 Point sources
For each numbered source in Figure 2, spectra have been
extracted from the pn and MOS data. The spectra have
been grouped into bins containing at least 20 counts for
pn and 10 counts for MOS. The background spectrum for
each source has been extracted from an annulus surround-
ing the source, avoiding other nearby sources. The pn and
MOS spectra for each individual object have been simultane-
ously fitted to an absorbed blackbody and/or an absorbed
power law model. A likely identification for a Galactic X-
ray point source with an infrared or optical counterpart is
a coronally active late-type star (Warwick et al. 2011), so it
is necessary to investigate each source with that possibility
in mind. Thus, each source has also been fitted to an APEC
model modified by Wisconsin absorption, with the expec-
tation that coronal emitters will have a temperature kT of
0.1–1 keV (Gu¨del 2004). The results are shown in Tables 4,
5, and 6 for those sources whose spectra are well fitted with
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Figure 4. Spectrum of source 1 fit to an absorbed blackbody.
The fitted parameters are given in Table 4. Black, red, and green
correspond to pn, MOS1, and MOS2 spectra, respectively. The
lower panel shows the deviation of the data from the model in
terms of χ.
these models, and Figure 4 shows the fit of the spectrum of
source 1 to an absorbed blackbody.
As was done with the diffuse spectrum, as described in
§ 4.1, the NH was estimated to be 0.6 ×1022 cm−2 for sources
associated with the SNR, and for some of the blackbody
and power law fits, the value of NH was frozen at this value.
This was done in order to better constrain the fits, and to
determine the spectral parameters for each source, assuming
an association with the SNR exists. Some spectra were not
fitted well with the absorption parameter frozen in this way,
and those are not shown in the tables.
When the NH value was set to 0.6×1022 cm−2, the value
of χ2ν was greater than 2 for sources 5 and 6 for the ab-
sorbed blackbody fit, and source 5 for the absorbed power
law fit, which indicates an unsatisfactory fit, but it is a pos-
sible value of NH for the rest of the sources. The error bars
on the parameters are unfortunately very large for many of
the sources, leading to large uncertainties in the flux values.
It is unclear for many of the sources which of the models,
blackbody, APEC, or power law, is the best fit.
For the objects fitted with an absorbed blackbody
model, the emitting radii can be determined, given the ap-
proximate distance of 1.1 kpc. The radii are given in the
rightmost column of Table 4 and those for sources 1, 2, and
4 are close to typical neutron star radii.
For many of the sources, the fit to an absorbed APEC
is of comparable quality with the fit to an absorbed power
law or blackbody, indicating that neither the neutron star
nor the coronal emission explanation can be ruled out. For
the absorbed APEC fit, sources 3 and 5 have unphysical kT
values (> 9 and > 18 keV) and source 6 gives an unsat-
isfactory fit. For the absorbed blackbody or power law fits
for the sources for which coronal emission can be ruled out,
source 5 has an NH value too low to be associated with the
remnant, and this is also true for the blackbody fit for source
6. Source 6 is well fitted with a power law at the distance of
the remnant. However, the power law index of 5.9 ± 0.9 is
very steep, ruling source 6 out as a neutron star candidate.
c© 0000 RAS, MNRAS 000, 000–000
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Table 4. Fit of discrete source spectra to an absorbed blackbody. Parameters are listed only where a satisfactory fit could be obtained.
Errors are 2σ uncertainties.
# NH (10
22cm−2) kT (keV) 0.5–5 keV Fluxa (10−12erg cm−2s−1) χ2ν (ν) Radius(km)
1 0.3± 0.2 0.10+0.03−0.01 0.3+1.5−0.2 1.06 (31)
(0.6)b 0.082± 0.004 2.1+0.7−0.5 1.18 (32) 20+5−4
2 0.3± 0.2 0.10± 0.03 0.3+2.0−0.2 1.12 (28)
(0.6) 0.083± 0.004 2.1+0.5−0.4 1.24 (29) 19+5−4
3 < 0.14 1.0+0.2−0.1 0.09
+0.03
−0.02 0.81 (20)
(0.6) 0.9± 0.1 0.11± 0.02 1.33 (21) 0.016+0.006−0.005
4 1.8+0.8−0.7 0.05± 0.01 (unconstrained) 0.76 (18)
(0.6) 0.09± 0.01 1.1+0.7−0.2 1.23 (19) 11+5−3
5 < 0.03 0.9± 0.1 0.09± 0.02 1.77(20)
6 < 0.24 0.26+0.06−0.05 0.016± 0.003 1.10 (6)
7 < 1.1 0.7± 0.3 0.03+0.02−0.01 0.37 (6)
(0.6) 0.6± 0.2 0.03± 0.01 0.457 (7) 0.019+0.017−0.008
8 < 3.2 0.5+0.2−0.3 0.03
+0.12
−0.01 0.41 (2)
(0.6) 0.4+0.2−0.1 0.04
+0.02
−0.01 0.30 (3) 0.03
+0.05
−0.01
a All flux values refer to unabsorbed flux.
b A number in parentheses indicates a frozen value for the fit.
Table 5. Fit of discrete source spectra to an absorbed APEC. Parameters are listed only where a satisfactory fit could be obtained.
Errors are 2σ uncertainties.
# NH (10
22cm−2) kT (keV) 0.5–5 keV Flux (10−12erg cm−2s−1) χ2ν (ν)
1 0.61+0.07−0.12 0.15
+0.03
−0.01 3±2 1.15 (31)
2 0.62+0.07−0.14 0.15
+0.04
−0.03 3
+3
−2 1.09 (28)
3 0.4+0.4−0.2 > 9 0.11
+0.02
−0.03 0.91 (20)
4 < 0.09 0.69± 0.08 0.036+0.008−0.007 1.26 (18)
7 < 2.4 > 0.9 0.04+0.12−0.02 0.365 (6)
8 < 3.8 1.0+6.0−0.7 0.2
+1.8
−0.1 0.29 (2)
5 TIMING
Because the pn observation was done in full window mode,
the timing resolution of 70 ms limits pulsar searches to fre-
quencies below approximately 7 Hz, which would exclude
all millisecond pulsars and many ordinary pulsars, but may
identify slowly rotating magnetars known to have periods
P ∼ 2 − 12 s. The maximum frequency is applicable only
to pulsars with an approximately sinusoidal lightcurve (i.e.
a single peak per rotation). Pulsars with lightcurves which
have additional peaks or other features would likely not be
found unless the frequency was much less than 3.6 Hz. A
negative result in a timing search thus does not indicate
with any certainty that there is no pulsar present.
While producing the events file, the SAS software
showed a possible problem with the timing for quadrant 3,
involving jumps in the course timing parameter. This means
that the timing for sources 3 and 4 may not have been re-
liable, and there is no way to fix the timing with the data
from this observation. Timing data from the other numbered
sources would not have been affected by this.
Blind (i.e. the frequency is not known beforehand) tim-
ing searches were performed on the point sources of interest,
including sources 3 and 4. For these searches, an FFT is first
calculated, and then frequencies surrounding any significant
peaks are searched using Rayleigh (Leahy, Elsner, & Weis-
skopf 1983) (also known as Z21 ), Z
2
2 , Z
2
3 (Buccheri et al.
1983), and epoch folding tests. Only searches for frequen-
cies of less than 1.8 Hz would have a sufficient number of
bins per cycle (8) to reliably perform most of the tests.
None of the point sources surrounding SNR
G107.5–1.5 showed evidence of detectable pulsa-
tions.
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Table 6. Fit of discrete source spectra to an absorbed power law. Parameters are listed only where a satisfactory fit could be obtained.
Errors are 2σ uncertainties.
# NH (10
22cm−2) Γ 0.5–5 keV Fluxa (10−12erg cm−2s−1) χ2ν (ν)
3 < 0.64 1.0+0.5−0.4 0.10
+0.10
−0.03 0.87 (21)
(0.6)b 1.4± 0.3 0.13± 0.03 0.94 (21)
5 < 0.1 1.0±0.2 0.09+0.03−0.01 0.97 (20)
6 < 0.71 3+4−1 0.03
+0.1
−0.01 1.06 (6)
(0.6) 5.9± 0.9 0.27+0.05−0.04 1.16 (7)
7 < 2.5 2+3−1 0.06
+0.9
−0.05 0.29 (6)
(0.6) 2.0+0.7−0.6 0.05
+0.04
−0.02 0.27 (7)
8 < 5.4 > 2.9 0.6+0.1−0.4 0.46 (2)
(0.6) 3± 1 0.07+0.05−0.03 0.48 (3)
a All flux values refer to unabsorbed flux.
b A number in parentheses indicates a frozen value for the fit.
6 DISCUSSION
Because of their proximity to the centre of the radio shell,
and because they can be fitted with an NH value which
conforms to the value for the SNR, sources 1 and 2 are of
particular interest for the analysis presented in this paper.
All other sources investigated in this study are also ruled
out as neutron star candidates associated with this remnant,
because of their proximity to the shell, their fitted value of
NH, and/or the lack of conformity between the individual
spectra and both a power law and a blackbody.
Source 1 is a soft thermal source which is best fit-
ted with an absorbed blackbody with a temperature of
(9.5±0.5)×105 K, when NH is frozen at 0.6×1022 cm−2. Its
corresponding luminosity, assuming a distance of 1.1 kpc, is
(3.0+1.0−0.7) × 1032 erg s−1. An absorbed power law fit to the
spectrum of source 1 yields an unacceptably high value of
χ2ν , indicating that its spectrum is dominated by a thermal
component. These values are qualitatively comparable with
the spectral parameters and luminosity of the Vela pulsar
(Pavlov et al. 2001), and the age of 3–6 kyr is close to Vela’s
characteristic age of 11 kyr, indicating that source 1 may be
a Vela-like pulsar. Alternatively, this source could be a CCO
candidate, since the X-ray spectra of CCOs are dominated
by a thermal blackbody spectrum and have comparable lu-
minosities (see e.g. Pavlov 2004). The spectral analysis did
not rule out the possibility that the X-ray emission from
source 1 arises from the corona of a late-type star, however,
and since it is unlikely to find such a bright star by chance,
this likely rules out Source 1 as a neutron star or CCO.
The fitted spectral parameters and proximity to the cen-
tre of the SNR radio shell of source 2 are similar to those
of source 1, and it thus has similar merit as a neutron star
candidate. Similarly, coronal emission is not ruled out as
producing the X-ray emission from source 2, and since it
does have a close optical and infrared counterpart, it is also
likely ruled out as a neutron star or CCO.
Source 1 appears in the ROSAT All-Sky Survey cat-
alogue, but source 2 does not. Since source 2 has a flux
similar to that of source 1, according to the present X-
ray data, it is possible that it fell just short of inclusion
in the RASS. Sources 1 and 2 are included in the XMM-
Newton serendipitous source catalogue (Watson et al. 2009)
as 2XMMi J225200.3+574259 and J225236.3+574422, re-
spectively.
A deeper observation with higher angular resolution,
such as with Chandra, would better allow closely-spaced X-
ray sources to be distinguished, and would permit further
spectroscopic study of the individual sources, particularly
those that are too faint to have been studied in this paper.
With more spectroscopic counts, multicomponent models
could be used for the sources that do not fit well to sim-
pler models, and source identification would be facilitated.
In addition, with smaller X-ray error circles, association of
X-ray sources with possible optical counterparts, such as
that of source 1 with the nearby bright optical source, could
be determined less ambiguously.
Timing observations for the as yet unidentified sources
are also needed, and due to their proximity to each other,
it would be possible to make a single XMM-Newton ob-
servation in small window mode which would include both
sources and provide the timing resolution necessary for a
pulsar search.
For X-ray detection of the diffuse emission from the
SNR, a deeper XMM-Newton observation near the center of
the radio shell and including many of the point sources (in-
dicated with magenta circles on Figure 2) for which spectral
analysis was not possible with the available data, would be
best. It is possible that, without the reduction in integration
time caused by the proton flaring, diffuse X-ray emission
from the SNR would have been detected, so another XMM-
Newton observation of the same duration or longer would
be beneficial for a greater understanding of this low-surface
brightness, highly polarized SNR.
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